Appearance of serum creatine kinase MB fraction (CK-MB), reflecting the periprocedural myonecrosis, after successful percutaneous coronary intervention (PCI) is associated with future cardiac adverse events. The intracoronary adenosine on the incidence of myonecrosis after elective PCI was assessed. In this prospective, case control study with a total of 60 patients, 30 cases pretreated with 50 micro grams bolus intracoronary adenosine before advancement of guidewire and 30 controls not pretreated was studied during elective PCI. Both groups received statin and loading dose of Clopidogrel. Myonecrosis was assessed by CK-MB level after PCI. Post procedural myonecrosis occurred in 16.7 % (n=5) in case group and 36.7 % (n=11) in control group (OR=1.818; 95% CI 0.841; P=0.080). The result is not statistically significant but shows that the incidence of myonecrosis was reduced from 36.7% to 16.7%. Intracoronary adenosine reduces the incidence of myonecrosis after elective PCI.
Introduction
Percutaneous coronary intervention (PCI) has been established as an effective treatment strategy for obstructive coronary artery disease. PCI is associated with 5% to 30% incidence of elevation of serum creatine kinase MB fraction (CK-MB), reflecting the periprocedural myonecrosis . 1 Appearance of CK-MB in the circulation is the strongest predictor of long term clinical outcome of PCI, 2,3,4,5 correlating the deleterious consequences of myonecrosis on left ventricular function or electrophysiological stability. 6 Pathophysiology of myonecrosis during PCI has been related to abrupt closure of the vessel, side branch occlusion, major intimal dissection, intramural thrombus formation, coronary spasm or distal athero-emolization. 1, 7 The first five causes may be clinically apparent and measures can be taken during the procedure, the latter may be entirely asymptomatic and occurs even angiographically uneventful procedure. CK-MB elevation after PCI may be consequence of micro infarction due to distal embolization of atherogenic materials from catheter based disruption of atherosclerotic plaque . 7, 8, 9 Adenosine is a naturally occurring nucleoside with a half life in blood of less than 10 second. Intracoronary adenosine administration is feasible and adjunct to primary PCI is well tolerated and ameliorates flow, prevents no reflow phenomenon, improves left ventricular function and associated with more favorable clinical course . 10, 11, 12 Studies show pretreatment with intracoronary adenosine infusion reduces the CK-MB elevation after non urgent PCI . 13, 14 The mechanisms of the cardioprotective effect of adenosine include preconditioning , 15 antiplatelet activity, 16 anti inflammatory effect 17 and hyperaemia . 18 There is evidence from previous study that despite a short serum half life, the cardio-protective effect of intracoronary adenosine infusion in human subjects persisting much longer . 15 In this prospective, case control study, we wanted to show that adenosine induced hyperaemia can reduce the deleterious effect of distal embolization associated with elective PCI through dilatation of microvasculature. This may decrease capillary obstruction by facilitating the passage of embolized thrombi throughout the microvasculature to the venous end of coronary circulation, there by reducing the post procedural micro infarction and myonecrosis.
Materials and methods

Study population
This prospective, case control study was performed consequently on the patients who were scheduled to undergo elective PCI, at the Department of Cardiology, Bangabandhu Sheikh Mujib Medical University, Dhaka, during the period of February 2007 to September 2007, considering the inclusion and exclusion criteria. Inclusion criteria were age between 30 and 75 years, base line -MB level within normal limit, stable or unstable angina, and angiographic lesion ? 70% in diameter. Exclusion criteria were complete occlusion of vessel (TIMI grade-0), thrombus laden lesion, significant left main disease, left ventricular ejection fraction < 30%, bradycardia (heart rate < 50 bpm), myocardial Infarction (MI) within one week, known case of COPD or Bronchial Asthma, patient taking theophylline preparation. The ethics committee of the Department of Cardiology, BSMMU, approved the study protocol. All patients were informed about the necessity, risk and benefit of intracoronary Adenosine administration. Informed written consent was taken from each patient.
Study protocol
Case group received 50 micro grams of adenosine (diluted into 5 ml normal saline) through the guiding catheter into the target coronary artery prior to guidewire advancement. For multivessel stenting, another 50 micro grams of adenosine was given prior to intervention of the subsequent vessel. Control group did not receive adenosine pretreatment. Both groups Pretreatment with statin (Atrovastatin 20 mg/day) for 3 days 19 and 300 mg loading dose of Clopidogrel in both groups at least 6 hour before the procedure . 20 The rest of the intervention procedure was carried out in usual manner in both groups. Following the procedure, blood sample was collected after 12 to 24 hour following intervention to measure the serum CK-MB level.
Evaluation of test result
After collecting the blood from the patient, serum was separated by centrifugation and within 6 hours test was done.
Post PCI creatine kinase MB fraction (CK-MB) levels were considered abnormal if they were elevated above the upper limit of normal. This was set at 25 IU/L by the laboratory of our Clinical Pathology Department. Primary endpoint of this study was to evaluate any elevation of CK-MB above 25 IU/L (incidence of myonecrosis), in patients undergoing elective PCI with or without pretreatment with intracoronary adenosine. If the first blood sample showed a CK-MB level > 2 times upper normal limit (> 50 IU/L), a second blood sample would be drawn every 8 hour later until a descending trend was observed. For patients with two or more blood samples drawn, the peak CK-MB was used for analysis. Secondary endpoint was the post-procedural non Q wave myocardial infarction. This was defined by post-procedural increase of CK-MB more than 3 times above the upper limit of normal . 1, 9 Statistical analysis Data were expressed as mean ± SD (standard deviation). Continuous variables were analyzed by unpaired student's t test. Categorical variables were analyzed by Chi-Square Test (x 2 test). Possible confounders of our study were multi-vessel stenting and stent length. As a weakest confounder we excluded stent length and quantile regression was used to adjust for the effects of multi-vessel stenting, All probability values were two tailed and P <0.05 were considered significant. Data were analyzed with computer-based software, Statistical Package for Social Science (SPSS).
Results
A total of 60 patients, 30 cases pretreated with intracoronary adenosine and 30 controls not pretreated, during elec-tive PCI were included in this study. Data obtained from both case and control groups were reviewed and analyzed. The majority 90 % (n= 27) patients of both case and control groups were male.10 % (n-3) patients in both groups were female.
The baseline clinical, angiographic, and procedural characteristics of the patients were similar in the two groups. After adenosine administration, no patient developed significant bradycardia or heart block requiring pacing. None of the patients in this study received glycoprotein IIb/IIIa inhibitors. All procedures were successful and uncomplicated. Slow-flow or no-reflow phenomenon did not occur in any study subject. There was significant procedural improvement after PCI in both case and control groups. Double vessel stenting were done in 6.7% (n=2) patients in both group with two stents in separate vessels. No drug eluting stent was implanted in our study subjects. Mean Stent length (mm) was 19.09 ± 11.70 and 17.84 ± 4.86 in study group and control group, respectively. Baseline mean CK-MB level in case was 14.30 ± 3.60 IU/L and control was 14.47 ± 2.94 IU/L. Post procedural mean CK-MB level in case was 28.80 ± 16.87 IU/L and control was 36.62 ± 19.84 IU/L . Post procedural CK-MB level was within normal limit in 83.3% (n=25) in case and 63.3% (n=19) in control. CK-MB level was > 25 IU/L in 6.7% (n=2) and 13.3% (n=4) patients in case group and control group, respectively. CK-MB level was 2 times of upper limit (> 2 X 25 IU/L) in case was 6.7% (n=2) and control was 10.0% (n=3).The incidence of post procedural non Q wave myocardial infarction (CK-MB level was > 3 X 25 IU/L) were 3.3% (n=1) and 13.3% (n=4) in case group and control group, respectively. Post procedural CK-MB level was considerably elevated in control group.
Myonecrosis occurred more frequently in control group (36.7%; n=11), who did not receive intracoronary adenosine than case group (16.7%; n=5), who received intracoronary adenosine during elective PCI (OR=1.818; 95% CI 0.841; P=0.080). 
Discussion
There are few trials investigating the impact of intracoronary adenosine pretreatment on the incidence of myonecrosis after non-urgent PCI. We found that pretreatment with 50 micro grams of adenosine decreases the incidence of myonecrosis after PCI.
Appearance of serum CK-MB, reflecting the periprocedural myonecrosis, after successful PCI, is associated with future cardiac adverse events. 2, 3, 4, 6, 21 A possible aetiology of myonecrosis after PCI might be distal embolization of atherogenic materials from plaque disruption, 7 causing obstruction of blood flow at capillary level resulting in micro-infarction. 8, 9 Recently several studies show that pretreatment with statins 19, 22 and loading dose of clopidogrel 20, 23, 24 before the elective PCI is able to reduce procedure related myonecrosis.
Adenosine is a potent coronary vasodilator act through A 2a receptor and increase cyclic AMP causes maximal decrease of coronary resistance. Hyperaemic effect of adenosine may be beneficial to ameliorate distal embolization of platelet thrombi following elective PCI. One animal study suggested that endogenous release of adenosine could compensate distal embolization of small particles through hyperaemic effect of adenosine. 25 The minimum dose of adenosine required to achieve minimum fractional flow reserve (or maximum hyperaemia) is 42 micrograms for both left and right coronary artery in human without any significant side effect. 26 Although only fraction of the administered adenosine would reach the target distal lesion, 50 micro grams intracoronary adenosine was sufficient to achieve maximum hyperaemia. 14 We used bolus doses of adenosine at 50 micro grams, administered through the guiding catheter before PCI to each lesion. Moreover, an intracoronary bolus approach has advantage of ease of administration, lower cost and reduced risk of bradycardia.
Recently a study was done by Lee et al. 2007 , involving total of 62 patients (adenosine group, n = 31; standard group, n = 31), had more or less similar inclusion, exclusion criteria and study method compared with our study. In our study post procedural myonecrosis occurred in 16.7 % (n=5) in case group and 36.7 % (n=11) in control group (OR=1.818; 95% CI 0.841; P=0.080). The study of Lee et al. 2007 , showed that Post PCI myonecrosis occurred more frequently in the standard (39%, n =12) than in the adenosine group (13%, n = 4). 14 In the ADELINE pilot trial, involving 28 patients, a rise in CK-MB level occurred in 2 of the 12 patients in adenosine treated group and 8 of the 16 patients in the control group, showed that pretreatment with intracoronary adenosine infusion reduced the postprocedural CK-MB elevation after non-urgent PCI . 13 Our result is not statistically significant. These may be due to small sample size. But shows that the incidence of myonecrosis was reduced from 36.7% to 16.7% who pretreated with intracoronary adenosine before guide wire advancement in elective PCI. This result is almost consistent with the study of Lee CH et al. 2007 , which showed that the incidence of myonecrosis was reduced from 39% to 13%, with adenosine pretreatment during elective PCI.
Conclusion
From the above data we can come to a conclusion that bolus administration of intracoronary adenosine through the guiding catheter before advancement of guidewire is feasible, safe, efficacious and cost effective during elective PCI. Adenosine induced hyperaemic effect reduces the incidence of myonecrosis during elective PCI. The result of our study supports the routine use of intracoronary adenosine during elective PCI which would be a new horizon in the field of interventional cardiology and need for further investigation in larger trial.
Limitations
This study was done in small scale, which may lead to inadequate power to detect a statistically significant difference between two groups. In this study consecutive sample was taken and randomization was not feasible. Inter-operator variations were not taken into account. Number of female patient was less. Short or long term outcome was not evaluated. Study population was South Asian in origin.
The result of the study may thus not be applicable to broader large ethnic groups. Post-PCI troponin level was not measured, but its prognostic significance in this setting remaining controversial. 21, 27, 28, 29 
